Abstract: The aim of this cross-sectional study was to examine whether occupational class inequalities existed in the behavioral and biological risk factors for cardiovascular disease among workers in medium-and small-scale enterprises. We asked 1,900 enterprises in the Ishikawa prefecture who were users of an external heath check-up facility to supply anonymous individual data in 2009. The 446 enterprises consented to the invitation. The study population was 12,625 individuals (8,104 males and 4,521 females) 16-59 yr of age. We compared indices among occupational classes. The indices of lipid and glucose metabolism were used only for subjects 40-59 yr of age. The results of this study revealed occupational class inequalities in the prevalence of current smoking, heavy drinking and hypertension in men. These inequalities were more prominent among men in the younger age group than in the older age group. In men, the most disadvantaged occupational class was transportation workers, followed by laborers. Occupational class inequalities in smoking were also found among female workers. However, the influences of occupational class on obesity and indices of lipid or glucose metabolism were inconsistent. A strategy for health promotion that targets the disadvantaged population is necessary for the prevention of cardiovascular disease.
Introduction
Behavioral and biological risk factors for cardiovascular diseases have been established in Japan 1, 2) . A significant reduction in stroke mortality and incidence as well as the prevention of increased coronary heart disease mortality and incidence has been achieved by controlling major risk factors, particularly lowering blood pressure and cessation of smoking rate 3, 4) . However, cardiovascular diseases are still create major health and financial burdens in Japan 4, 5) , and reducing risks has been an important issue also for occupational health 6) .
Differences in rates of cardiovascular disease morbidity and mortality among occupational classes are consistent However, there is only limited evidence of socioeconomic inequalities in rates of cardiovascular disease and its risk factors in Japan 18) . Japan was considered to have a relatively small degree of socioeconomic disparity within its population 19, 20) . A cohort study of data from a largescale enterprise did not reveal significant occupational class inequalities in the incidence of cardiovascular events 21) . For cardiovascular risk factors, health inequalities for behavioral risks have been established in Japan. An analysis of a national representative sample of individuals 25 to 59 yr of age found that lower occupational class was a substantial predictor of risk behavior in both sexes 22) .
A comparative study between Japan and England, which consisted of employees of large-scale companies and civil servants, showed that smoking and heavy drinking were more prevalent among the lower occupational social classes than the higher occupational social classes in both populations 23) . However, for biological cardiovascular risk factors, health inequalities have not been established in Japan.
Ninety percent of the workers in Japan are employed in small-or medium-sized enterprises 24) . In general, occupational health activities are less sufficient in smallerscale enterprises 25, 26) . A higher prevalence of hypertension, obesity, and smoking in male workers in smaller enterprises compared to those in larger organizations was also reported in Japan 27) . Therefore, the tendencies of occupational class inequalities in smaller-scale enterprises might be different from those in large-scale enterprises. However, as far as we know, there is no study on health inequalities that targets employees engaged in mediumsized or small-sized enterprises.
The present cross-sectional study was designed to determine whether occupational class differences existed in the prevalence of cardiovascular risk factors among workers in medium-and small-scale enterprises. It would be helpful for making health promotion program in workplace.
Methods

Ethics statement
The ethics committee of the Association of Health and Welfare for Workers, Japan, approved this study.
Subjects and materials
The target population was workers in medium-scale or small-scale enterprises (<300 employees). We invited 1,900 enterprises in the Ishikawa prefecture who were users of an external health check-up facility. We chose the enterprises based on the following characteristics: the external facility contracted with the enterprises for health checkups for all of the employees of each enterprise, and the number of participants who had a health check-up in 2009 was less than 300 employees. We excluded enterprises that were known to be branches of large-scale enterprises. We explained the purpose and privacy policy of this study, and we asked the enterprises to supply anonymous individual data from screening examinations of employees in 2009 and to answer a questionnaire regarding the characteristics of the enterprise, including exact scale (number of employees), independence, and type of business. The number of enterprises that consented to the invitation with signed documentation was 473 (25.1%). Since 27 enterprises were confirmed as branches of large-scale enterprises or larger-scale enterprises by a questionnaire, they were excluded from the analysis. Therefore, 446 enterprises, consisting of 133 manufacturing industries, 94 construction companies, 36 transportation businesses, 46 wholesale/retail industries, 25 medical services, 52 other service industries and 60 others, remained. Employees younger than 60 yrs of age (N=12,706 subjects; 8,168 males and 4,538 females) in those enterprises were the subjects of this study.
For analysis, we used health behaviors, anthropometric indices and laboratory data that are known cardiovascular risk factors. According to the Industrial Safety and Health Act, the owners of the enterprises are responsible for carrying out health checkups for employees, but a blood test is not crucial for employees under 40 yr of age, except at age 35. A large number of the 7,280 subjects younger than 40 yr of age, 1,729 (23.8%), did not have a blood test. Therefore, in the following analysis, we did not use laboratory variables for subjects younger than 40 yr of age. Eighty-one subjects 40-59 yr of age who did not have laboratory data were excluded. Consequently, a total of 12,625 subjects (8,104 males and 4,521 females) were the subjects for analysis. The mean age of the subjects was 38.8 ± 10.5 yr (range; 16-59 yr) for men and 38.0 ± 11.1 yr (range; 18-59 yr) for women.
The subjects were classified into the following 5 occupational classes: 1) managerial workers/professional workers, 2) clerical workers, 3) service workers/sales workers, 4) transport workers, and 5) laborers (manufac-turing process workers, construction workers, and carrying and packaging workers) according to the Japan Standard Occupational Classification (Rev, 5th, 2009) 28) . . However, in the definition of metabolic syndrome, TG ≥150 mg/dl was used irrespective of fasting or casual sample, and HbA1c ≥5.5% was used only for casual samples. The cut of point, 5.5% of HbA1c, was followed the criteria used in the report of National Health and Nutrition Survey 30) .
Variables and definition of positive findings
Data analysis
The associations of occupational class with each factor were examined in the subpopulations stratified by age group and sex. For men, comparisons were carried out among 5 occupational classes. For women, comparisons were carried out among 4 occupational classes. Since the number of female transportation workers was too small, these individuals were included in the "laborers" group. 
Results
The distributions of occupational classes, type of business and size of enterprise are shown in Table 1 . There were 1,717 males and 686 females in the managerial/ professional workers class, 1,447 males and 1,612 females in the clerical workers class, 652 males and 963 females in the service/sales workers class, 906 males and 38 females in the transport workers class, and 3,352 males and 1,222 females in the laborers class.
Results of comparisons of characteristics among occupational classes for men are shown in Table 2 . For men 16-39 yr of age, all parameters were significantly different among occupational classes. The items that were significantly higher than those of the managerial/professional class by post-hoc test were as follows: SBP of laborers and transportation workers, DBP of clerical workers, and current smoking among transportation workers and laborers. Heavy drinking was more prevalent among transportation workers. Among men 40-59 yr of age, all parameters except DBP were significantly different among occupational classes. The items that were significantly higher than those of the managerial/professional class by post hoc test were as follows: SBP of transportation workers, smoking among laborers and transportation workers, and heavy drinking Industrial Health 2012, 50, 529-539 among service workers, laborers and transportation workers. On the other hand, BMI, waist circumference, and LDL cholesterol level were significantly lower among laborers compared with those in the managerial/professional class.
Results of comparisons of characteristics among occupational classes for women are shown in Table 3 . For subjects 18-39 yr of age, all parameters were significantly different among occupational classes. The items that were significantly higher than those of the managerial/professional class by post-hoc test were as follows: SBP among laborers and smoking among service/sales workers and laborers. The prevalence of drinking was significantly different between subjects in the managerial/professional class and laborers, but the overall prevalence of heavy drinking was very low (0.8%). For women 40-59 yr of age, SBP, HDL cholesterol, and the prevalence of smoking were significantly different among occupational classes. The items that were significantly higher than those of the managerial/professional class by post-hoc test were as follows: SBP among laborers and smoking among service/ sales workers.
Results of multivariate logistic regression models for men are shown by age group in Table 4 . Managerial/ professional workers were used as a reference. We found statistically significant relationships with occupational class and smoking, heavy drinking, obesity and hypertension in subjects 16-39 yr of age. All four parameters were more prevalent in transportation workers. Results of multivariate logistic regression models for women are shown in Table 5 . Managerial/professional workers were used as a reference. Comparison of the prevalence of heavy drinking among occupational classes was not carried out, since the number of heavy drinkers was small in both age groups. We did not find clear relationships with occupational class for any of the risk factors, except for smoking. Among subjects 18-39 yr of age, the age-adjusted ORs for smoking were 2.10 (95%CI, 1.48-2.98) for service/sales workers and 1.86 (95%CI, 1.31-2.64) for laborers. Among the subjects 40-59 yr of age, the age-adjusted OR for smoking was 1.80 (95%CI, 1.23-2.63) for service/sales workers.
Discussion
The main aim of this cross-sectional study was to examine whether occupational class inequalities existed in the behavioral and biological risk factors for cardiovascular disease among workers in medium-and small-scale enterprises, a population that is representative of the major working population in Japan. We performed analyses of the study population stratified by age group and sex. The indices of lipid and glucose metabolism were used only for subjects 40-59 yr of age. In this study, we used the managerial/professional class, the highest occupational class, as a reference, and evaluated whether inequalities in health behaviors and biological factors were present. Industrial Health 2012, 50, 529-539
We found clear occupational class inequalities in behavioral risks among men. Transportation workers and laborers showed higher rates of smoking and heavy drinking compared with managerial/professional workers. In the younger age group, service/sales workers also showed a higher prevalence compared with managerial/professional workers. For the biological factors, we found occupational class inequalities in blood pressure among men. Laborers and transportation workers showed higher blood pressure and a higher prevalence of hypertension compared with managers/professional workers. Inequalities in behavioral risks and hypertension were more prominent among those in the younger age group, and the most disadvantaged occupational class was transportation workers. Among female subjects, we found occupational class inequalities in smoking and blood pressure. However, the influences of occupational class on obesity and indices of lipid or glucose metabolism were inconsistent; clear occupational class inequalities were not found in both sexes.
These results for behavioral risks are similar to former studies in Japan. Fukuda et al. 22) , who used the 2001 Comprehensive Survey of the Living Conditions of People on Health and Welfare conducted by the Ministry of Health, Labor and Welfare, suggested that lower occupational class was a substantial predictor of risk behavior in both sexes. A comparative study between Japan and England also suggested that smoking and heavy drinking were prevalent among the lower occupational social classes in both populations 23) . Lower socio-economic groups were generally found to smoke more cigarettes per day, and to quit smoking less often compared with higher socio-economic groups 31, 32) . Although the overall prevalence of smoking has decreased among men in many countries, these changes have not occurred equally across all populations. Industrial Health 2012, 50, 529-539
Lower socioeconomic status was associated with higher mean blood pressure in almost all previous studies in other developed countries 33) , although clear occupational class inequalities in blood pressure or prevalence of hypertension were not shown in the previous studies in Japan. Part of the socioeconomic gradient of blood pressure may be accounted for by the socioeconomic gradient in alcohol consumption, since it is well known that heavy drinking induces hypertension 34) . Although it is known that obesity induces hypertension, the pattern for obesity was different from that of blood pressure in our study. Sobal et al. 35) reviewed that although groups of lower socioeconomic status were more at risk of becoming obese across all industrialized nations, the effect was highly consistent among women but less consistent among men. However, we could not find such results. Wardle et al. 36) compared the effects on obesity among three socioeconomic indices: income, educational attainment, and occupation. They found that higher educational attainment and higher socioeconomic status were associated with a lower risk for obesity in both men and women, whereas higher occupational status was associated with a lower risk for women but not men. Lower-status occupations are likely to involve more physical activity than higher-status occupations among men, and this could be protective against obesity. This study revealed the presence of occupational class inequalities in behavioral and biological factors, except for obesity and indices of lipid and glucose metabolism. The inequalities were more prominent among men than women and among the younger age group than the older age group. For married women, the partner's occupational class or household level variables might influence on the results. European studies showed that socio-economic position measured by the own occupation was less strongly related to mortality and cardio vascular risk factors in married women than in men 37, 38) . Furthermore, health inequalities in women appeared to be greater when their socio-economic position was measured by occupations of partner or household income, while the impact of partner's occupational class was not apparent for men 38, 39) .
This study also revealed that the most disadvantaged occupational class was transportation workers. It is reported that long working hours and heavy work load are more common in smaller-scale transportation enterprises than larger-scale enterprises, and theses work conditions are likely to associate unfavorable health behaviors 40) .
Unfavorable work environment in smaller-scale enterprises may bind the workers of lower occupational social class to unfavorable behaviors, and may cause occupational class inequalities. In general, occupational health activities are less sufficient in smaller-scale enterprises 25, 26) . A higher prevalence of hypertension, obesity, and smoking in male workers in smaller enterprises compared to those in larger organizations was also reported in Japan 27) .
Smoking and hypertension are strong risks for stroke and ischemic heart diseases for Japanese 1, 2) . Excessive intake of alcohol is also cardiovascular disease risk 41) , although moderate alcohol consumption prevents coronary disease 42, 43) . The inequalities in these risks might cause inequalities in cardiovascular disease mortality and morbidity. This study has some limitations. First, the response rate of the enterprises for providing the anonymous employee data was low. The response rates by the groups of enterprise-scale, which was presumed by the number of participants of health check-up, were not significantly different. However, enterprises with better attitudes toward occupational safety and health activity may have been more likely to respond, and that may have resulted in underestimation of inequalities among occupational classes. Second, we could not differentiate whether the inequalities were derived from the selection bias of choosing occupations or a result of engaging in the occupation due to the cross-sectional study design. Third, we did not estimate other socioeconomic indicators, such as income and educational attainment. Finally, burdens in addition to those from their own job, such as domestic duties or the husband's socioeconomic status, might modify the effects of occupational classes for women. We could not evaluate such factors. Despite those limitations, the strength of this study is that we used working populations that represent the major working population in Japan, workers in medium-or small-scale enterprises, and we showed significant inequalities in strong risks for cardiovascular diseases such as smoking and hypertension, among occupational social classes in Japan.
In conclusion, this study revealed the presence of occupational class inequalities in behavioral and biological factors, except for obesity and indices of lipid and glucose metabolism. A strategy for health promotion that targets the disadvantaged population is necessary for the prevention of cardiovascular diseases.
